We discuss the problem of the large discrepancy between the observed lifetime ratio of Λ b to B d and the theoretical prediction obtained by the heavy quark effective theory. A new possibility of solving this problem is proposed from the viewpoint of operator product expansion and the lifetime ratio of Ω b to B d is predicted.
The heavy quark effective theory (HQET) is successful in explaining various nature of the hadrons containing a heavy quark. The HQET has been extensively applied to the meson system containing a heavy quark and has brought about many remarkable results. The HQET has been also applied to the system of baryons containing a heavy quark and has led to some interesting results. However, when applying the HQET to the heavy baryon systems, two problems are encountered. One is that the experimental value of the mass difference between Σ b and Σ * b is quite large in comparison with the predicted value from the mass relation in the HQET as m Σ b * − m Σ b = 56 ± 13 MeV (Exp.) [1] , = 15.8 ± 3.3 MeV (T heory) [2] .
The other one is that the experimental lifetime ratio of Λ b to B d [3] τ (Λ b ) τ (B d ) = 0.78 ± 0.06 (2) is quite small compared with the theoretical predictions [4]- [7] . In this paper, we concentrate our attention to the latter problem and propose a possible solution to this problem from the viewpoint of operator product expansion(OPE). Moreover, we point out the importance of measuring the lifetime of Ω b to select out the models.
The inclusive decay width of a hadron H b containing a bottom quark can be written as [5] Γ(
where the transition operatorT is given bŷ
The effective Lagrangian L W for the weak decay
where q L denotes a left-handed quark field and d ′ and s ′ stand for the weak eigenstates. We neglect the CKM suppressed transitions b → u, because this effect is negligibly small in the present analyses. Up to the leading order, the combinations c ± = c 1 ± c 2 are given by
In order to pursue the calculation of the inclusive decay width in eq.(3), we must evaluate the matrix element of the nonlocal operatorT in eq.(4). Although we don't know how to evaluate such the matrix element of the nonlocal operator directly, it is efficient for us to use the method of the OPE for theT . This is because the energy release is quite large compared with the QCD scale in the bottom quark decay. Using the OPE, the total decay width of a hadron H b can be written in the form [8] 
where c n (f ) are dimensionless coefficient functions depending on the quantum numbers of the final state and including the renormalization group and phase factors, Γ i 's denote the combinations of γ-matrices and ∆ is an expansion parameter with the mass dimension, which should be much larger than the scale of Λ QCD to justify the OPE. The Dirac spinor b(x) in eq. (7), which is an operator of QCD, can be expressed as
where h b (x) and χ b (x) are the large and small component of the spinor b(x) respectively and v stands for the velocity of the hadron containing a bottom quark [9] . The χ b (x) can be written in terms of h b (x) by using the equation of motion. Therefore the first and second matrix elements in eq. (7) are expanded as [4, 5] 
where
represent the matrix elements of the kinetic energy operator and the chromo-magnetic one, respectively. These parameters can be estimated by using the mass spectra of heavy hadron states and are of O(Λ 2 QCD ). The third matrix element in eq. (7) can be parameterized in the model-independent way [5] . For the meson matrix elements of local four-quark operators, we use the same parameters B i and ε i as Ref. [5] such that
where f Bq is the decay constant of B q meson. The local four-quark operators defined by
where t a = λ a /2 are the generators of color SU(3). For the baryon matrix elements of local four-quark operators, we use the same parameters as Ref. [5, 10] such that
where the local four-quark operator
By using these parameters, the 1/∆ 3 -term of each bottom hadron can be written as follows.
where z ≡ m 2 c /m 2 b (we set z equal to 0.083 [5] ) and η and η ′ are defined by
respectively. We set both of f B and f Bs equal to 0.18 GeV [11] . By using these model independent parameters B i , ε i , B Λ b and r Λ b , the lifetime ratio of Λ b to B d can be written as
where c M and k i 's are the coefficients including the renormalization group factors c ± and phase factor z. By using the same definition of A i and z i as in Ref. [12] , c M is given by
At the heavy quark limit m b → ∞, the lifetime ratio (19) approaches unity. However, the recent experiment (2) shows that the large discrepancy exists between the B d and Λ b lifetimes. Recently several literatures [4]- [7] have been devoted to study this problem.
To seek a solution that can reconcile this discrepancy, the contributions of the O (1/∆ 3 ) term in eq. (7) ) can be estimated from the mass formulae of the hadrons containing a bottom quark as follows
The estimation of the parameters B i , ε i , B Λ b and r Λ b has only been carried out in the model-dependent ways. The parameter B Λ b is equal to 1 in valence quark approximation. Because the matrix elements of O q V −A and O q V −A differ only by a sign in this approximation, since the color wave function for a baryon is totally antisymmetric. The parameters B i and ε i have been estimated by using QCD sum rules [13] . The parameter r Λ b have been estimated by using both QCD sum rules [7] and non-relativistic quark model [6, 10] . These analyses give the result in the ratio
Thus the problem remains unsolved at this stage. One possibility of solving this problem was proposed in Ref. [14] . This proposal contains the insistence that the mass m b in the factor m 5 b in eq. (7) should be replaced by the mass of the parent hadron m B d or m Λ b . If this insistence is correct, the lifetime ratio of B d to Λ b is almost determined by the ratio of the decaying hadron masses;
When this proposal is applied to charmed hadrons lifetime, the results are in good agreement with the experiment [10] .
In this paper, we discuss another possibility of solving the problem of the lifetime ratio of Λ b to B d . In the literatures [4]- [7] , the expansion parameter ∆ in eq. (7) is taken as m b . However, the physical reason of the setting ∆ = m b is not so obvious. Therefore the value of ∆ should be determined such that it is able to reproduce the experimental results of all lifetime ratios of bottomed hadrons decaying only through the weak interactions. For bottomed hadrons, the other lifetime ratios which have ever been measured by experiment [3] are
If the B i , ε i and r Λ b of the 1/∆ 3 order terms are treated as completely free parameters, we can not obtain any restriction to the value of ∆. However the B i −1 and ε i shows how large non-factorizable effects contribute to the meson matrix elements of local four-quark operators, since if the factorization hypothesis is valid, B i = 1 and ε i = 0. Therefore these parameters should be given some physical restriction. In order to restrict the value of these parameters, we use the estimations by QCD sum rules [7, 13] and non-relativistic quark model [6, 10] . For B i and ε i , the estimations by QCD sum rules [13] 
indicate that non-factorizable contributions to the meson matrix elements of local fourquark operators are not so large. Therefore we give restrictions to these parameters as follows,
For the parameter r Λ b , r Λ b ∼ 0.1 − 0.3 has been obtained by using QCD sum rules [7] and r Λ b ∼ 0.6 by using non-relativistic quark model [10] . Therefore we give restriction to the parameter as follows,
Under setting the regions (28), (29) to parameters B i , ε i , and r Λ b and setting B Λ b equal to 1, we calculate the OPE expansion parameter ∆ to satisfy the experimental results of the lifetime ratios of B − , B s and Λ b to B d . As the result, we obtain ∆ = 3.25 ± 0.67 GeV .
This shows that the parameter ∆ is smaller than the pole mass of bottom quark m b = 4.8 ± 0.2 GeV [5] . Let us consider the physical meanings of ∆. Blok and Shifman [8] have discussed the role of the expansion parameter ∆ to study the effects of the subleading operators in the inclusive heavy hadron decays. In Ref. [8] , the parameter ∆ has been taken as
and the analyses have been carried out at large m b limit
This limit corresponds to neglect the mass ratio m c /m b . However this ratio is preserved under taking the heavy quark limit m b,c → ∞. Therefore we can not neglect it when considering the higher order corrections in 1/m Q expansion. In fact, the pole mass of charm quark m c = 1.4 GeV [5] is not so small compared to m b . The difference between quark pole masses m b − m c = 3.40 ± 0.06 GeV [5] well corresponds to the ∆ given in eq.(30). This result indicates that we can not neglect charm quark mass for calculating the lifetime ratios of bottomed hadrons.
If the lifetime difference of B d and Λ b can be explained on the basis of the present approach, its applicability to other heavy hadrons should be investigated. Here we take the baryon Ω b as a good candidate to implement our purpose. The baryon Ξ b is also a candidate which decays only through the weak interaction. For Ξ b , however, we have to solve the mixing problem between Ξ b and Ξ ′ b [15] . Thus it is difficult to expect that we obtain the meaningful result for Ξ b .
The ratio τ (Ω b )/τ (B d ) will give the important clue to the lifetime problem in B dmeson and Λ b -baryon. By using the model independent parameterization similar to eq.(19), this lifetime ratio can be written in the form, 
Since the baryon Ω b has not been found yet experimentally, we take the relations µ whereas the approach of Ref. [10, 14] leads to
It should be emphasized that the hierarchy of the lifetime becomes entirely opposite among the both approaches. The hierarchy obtained from the conventional approach [4]- [7] is the same as the present result (41).
In this short note, we proposed a new approach to the problem of the lifetime ratio τ (Λ b )/τ (B d ). The main point of this approach is that the expansion parameter ∆ of OPE is taken to be smaller than the pole mass of bottom quark m b = 4.8 GeV, numerically 3.25 ± 0.67 GeV. This approach could well reproduce the experimental lifetime ratio τ (Λ b )/τ (B d ) ∼ = 0.78 with keeping the lifetime ratio τ (B − )/τ (B d ) ∼ = 1.09. The large ambiguity of ∆ mainly comes from the estimations of the 1/∆ 3 term contributions. The operator product expansion (7) is defined at scale µ = m b . Therefore when the expansion parameter ∆ set different value from m b , we must consider the operator rescaling effects which come from the renormalization group running m b to ∆. We include these effects in our calculation. However the effects are very small since the difference between m b and ∆ is small.
As for the lifetime ratio τ (Λ b )/τ (B d ), the present approach and the one of Ref. [10, 14] lead to almost the same result. To discriminate the approaches, it is important to measure the lifetime of Ω b since the prediction of the hierarchy of the lifetimes of Λ b and Ω b is opposite between these approaches. Therefore the future experiment of the lifetime of Ω b will be able to test the models clearly.
